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(57) ABSTRACT 

A process for producing a hydrophobic silica poWder, com 
prises the steps for hydrophobic treatment of: adding to a 
silica sol in mixed solvent having a silica concentration of 5 
to 50 mass % obtained by mixing an aqueous silica sol 
containing hydrophilic colloidal silica having a speci?c 
surface area of 5.5 to 550 m2/g With a hydrophilic organic 
solvent in a mass ratio of 0.12 to 2.5 based on Water in the 

aqueous silica sol, a disilaZane compound of formula (1) 

(R13Si)2NH (1) 
Wherein each R1 is Cl_6alkyl group or phenyl group that is 
selected independently of one another, in an amount of 0.1 
to 20 mmol per surface area 100 m2 of the hydrophilic 
colloidal silica, to obtain a mixture of the silica sol in mixed 
solvent and the disilaZane compound; and heating the mix 
ture at a temperature of 50 to 1000 C. for aging it to obtain 
a slurry dispersion of hydrophobic treated colloidal silica. 
The process provides a hydrophobic silica poWder through 
a simple hydrophobic treatment step. 
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PROCESS FOR PRODUCING HYDROPHOBIC 
SILICA POWDER 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to a process for 
producing a hydrophobic silica poWder having an excellent 
re-dispersibility in organic solvents by using an aqueous 
silica sol as a starting material. 

[0003] 2. Description of the Related Art 

1. Field of the Art 

[0004] Thus far, as a silica base material used for produc 
tion of hydrophobic silica poWder, precipitated silica and 
?ne silica produced by ?ame thermal decomposition of 
chlorosilane (generally called fumed silica) have been fre 
quently used. The methods for hydrophobic treatment 
include a method for hydrophobic treatment comprising 
bringing a silica poWder into contact With a hydrophobicity 
affording agent such as a surfactant or silicone oil, or a gas 
of silylating agent such as alkylhalogeno silane, alkylalkoxy 
silane, alkyldisilaZane or the like, or a method for hydro 
phobic treatment comprising bringing a silica poWder into 
contact With a silylating agent in a hydrophilic organic 
solvent containing Water. 

[0005] HoWever, in any methods for hydrophobic treat 
ment, in case Where a precipitated silica or a fumed silica is 
used, a silica base material itself is aggregated, and thus it 
Was impossible to obtain a hydrophobic silica poWder hav 
ing an excellent dispersibility. 

[0006] In fact, the folloWing hydrophobic treatments by 
using a precipitated silica or a fumed silica are disclosed. 
Any methods did not disclose a relation betWeen primary 
particle diameter of a silica base material and aggregated 
particle diameter after hydrophobic treatment, and obtain no 
hydrophobic silica poWder having a high dispersibility. 

[0007] JP-A-2000-327321 (2000) disclosed a process for 
producing a hydrophobic precipitated silica comprising 
bringing an aqueous suspension of hydrophilic precipitated 
silica into contact With a catalytic amount of an acid and an 
organosilane compound in the presence of Water-miscible 
organic solvent in an amount su?icient for promoting the 
reaction of the organic silicon compound With the hydro 
philic precipitated silica. 

[0008] JP-A-07-286095 (1995) disclosed a process for 
obtaining a silica oxide particle having a mean primary 
particle diameter of 5 to 50 nm, a surface treated With 
hexamethyldisilaZane to block 40% or more of silanol 
groups on the particle surface, and a residual silanol group 
concentration of 1.5/nm2 or less. 

[0009] JP-A-2000-256008 (2000) disclosed a hydropho 
bic fumed silica and a production process thereof charac 
teriZed in that a fumed silica is subjected to a hydrophobic 
treatment With an organic silicon compound such as hex 
amethyldisilaZane, and the resulting hydrophobic fumed 
silica has a bulk density of 80 to 300 g/l, OH group per unit 
surface of 0.5/nm2 or less, and aggregated particles having 
a particle diameter of 45 pm or more in a concentration of 
2000 ppm or less. 

[0010] JP-A-2002-256170 (2002) disclosed a process for 
producing a hydrophobic silica poWder characterized by 
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treating a fumed silica With polysiloxane and then treating 
With a trimethyl silylating agent. 

[0011] JP-A-2004-168559 (2004) disclosed a highly dis 
persible, hydrophobic silica poWder and a production pro 
cess thereof characterized by performing a primary surface 
treatment With a silicone oil treatment agent, a disintegration 
after the primary surface treatment, and a secondary surface 
treatment With an alkyl silaZane treatment agent after the 
disintegration. 
[0012] On the other hand, methods are also knoWn by 
using a silica sol having a high dispersibility as a starting 
material to make it hydrophobic. A hydrophobic silica 
poWder is obtained by dispersing a silica sol in a hydrophilic 
organic solvent such as an alcohol, or in a mixed solvent of 
Water With a hydrophilic organic solvent, reacting With a 
silylating agent such as an alkylhalogeno silane, an alkyla 
lkoxy silane, an alkyl disilaZane or the like and then remov 
ing the solvent. In these methods, these methods have 
disadvantages that a step of producing a sol dispersed in an 
organic solvent is complicated, the replacement or removal 
by distillation of the solvent is required after the reaction, 
and the like. In addition, the hydrophobic treatment With an 
alkylhalogeno silane has a disadvantage that corrosive acids 
are produced as by-products. Among the alkylalkoxy 
silanes, a monoalkoxy silane has a slightly loW reactivity, a 
dialkoxy silane or a trialkoxy silane tends to cause a con 
densation reaction, and the condensation reaction often 
causes cross-linking reaction betWeen particles. Therefore, it 
is di?icult to obtain any hydrophobic silica poWder having 
a high dispersibility. It is also di?icult to remove self 
condensates of alkoxy silane. Further, as an alkyl disiloxane 
is required to be reacted With a large amount of a mineral 
acid as a catalyst, this method has disadvantages that cor 
rosive problems occur and a step for removing the acid as 
the catalyst from the hydrophobic silica becomes tedious. 
Hereinafter, examples of disclosed arts are mentioned. 

[0013] JP-A-58-145614 (1983) disclosed a process for 
producing a silica poWder having Cl_36silyl groups bonded 
on the surface of colloidal silica in a rate of 1 to 100 per 
surface area 10 nm2, and homogeneous re-dispersibility in 
an organic solvent, comprising adding a silylating agent in 
an organo silica sol having a Water content of 10 mass % or 
less, reacting each other and then distilling off the solvent. 

[0014] JP-A-2000-080201 (2000) disclosed a process for 
producing a hydrophobic treated colloidal silica having a 
mean particle diameter of 4 nm or more, comprising per 
forming a hydrophobic treatment by adding a hydrophilic 
colloidal silica in a mixed solvent of concentrated hydro 
chloric acid, isopropanol and hexamethyldisiloxane, extract 
ing the resulting hydrophobic colloidal silica With a hydro 
phobic organic solvent, re?uxing under heating, and then 
adding a silane compound, and re?uxing under heating. 

[0015] JP-A-2000-044226 (2000) disclosed a process for 
producing a surface-treated silica, comprising hydrolyZing a 
tetraalkoxy silane compound With a basic compound to 
prepare a aqueous hydrophilic ?ne silica dispersion and 
removing alcohol, then subjecting the ?ne silica to hydro 
phobic treatment With alkyltrialkoxy silane compound, 
replacing the solvent by a ketone solvent, triorganosilylating 
the reactive groups remaining on the surface of the ?ne silica 
With a silaZane compound or a trialkylalkoxy silane com 
pound, and ?nally distilling off the solvent under a reduced 
pressure. 
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[0016] JP-A-03-187913 (1991) disclosed a process for 
producing a silica powder excellent in dispersibility the 
surface of Which is silylated, comprising reacting a metha 
nol-dispersion silica obtained by hydrolyZing an alkyl sili 
cate in methanol With a trimethyl silylating agent added in 
an amount of 5 mol % or more based on 1 mol of silica, and 
then distilling off excess trimethyl silylating agent and the 
dispersion solvent. For example, the hydrophobic silica 
poWder is obtained by adding methoxy trimethyl silane in an 
amount of 20 mol % based on 1 mol of silica, to a 
methanol-dispersion silica obtained by hydrolyZing tet 
ramethoxy silane in methanol in the presence of aqueous 
ammonia, recovering excess silylating agent and drying. 

SUMMARY OF THE INVENTION 

[0017] An object of the present invention is to provide a 
process for e?iciently producing a hydrophobic silica poW 
der excellent in re-dispersibility in organic solvents. 

[0018] The process for producing a hydrophobic silica 
poWder according to the present invention comprises the 
steps for hydrophobic treatment of: adding to a silica sol in 
mixed solvent having a silica concentration of 5 to 50 mass 
% obtained by mixing an aqueous silica sol containing 
hydrophilic colloidal silica having a speci?c surface area of 
5.5 to 550 m2/ g With a hydrophilic organic solvent in a mass 
ratio of 0.12 to 2.5 based on Water of the aqueous silica sol, 
a disilaZane compound of formula (1) 

(R13Si)2NH (1) 
wherein each R1 is Cl_6-alkyl group or phenyl group that is 
selected independently of one another, in an amount of 0.1 
to 20 mmol per surface area 100 m2 of the hydrophilic 
colloidal silica, to obtain a mixture of the silica sol in mixed 
solvent and the disilaZane compound; and 

[0019] heating the mixture at a temperature of 50 to 
100° C. for aging to obtain a slurry dispersion of 
hydrophobic treated colloidal silica. 

[0020] The preferable mode of the present invention is as 
folloWs: the process for producing a hydrophobic silica 
poWder, Wherein the steps for hydrophobic treatment are 
folloWed by a step in Which the obtained slurry dispersion of 
hydrophobic treated colloidal silica is heated at a tempera 
ture of 50 to 1000 C. With stirring for aging, thereby the 
hydrophobic treated colloidal silica is granulated in a granu 
lar shape in the dispersion. 

[0021] The embodiments of the present invention are as 
folloWs: 

[0022] the process for producing a hydrophobic silica 
poWder, comprising the steps (A), (B), (C) and (D) of: 

[0023] (A): hydrophobic treatment step of adding to a 
silica sol in mixed solvent having a silica concentration 
of 5 to 50 mass % obtained by mixing an aqueous silica 
sol containing hydrophilic colloidal silica having a 
speci?c surface area of 5.5 to 550 m2/ g With a hydro 
philic organic solvent in a mass ratio of 0.12 to 2.5 
based on Water of the aqueous silica sol, 

[0024] 
(R13Si)2NH (1) 

a disilaZane compound of formula (1) 

Wherein each R1 is Cl_6-alkyl group or phenyl group that 
is selected independently of one another, in an amount 
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of 0.1 to 20 mmol per surface area 100 m2 of the 
hydrophilic colloidal silica, to obtain a mixture of the 
silica sol in mixed solvent and the disilaZane, and 
heating the mixture at a temperature of 50 to 1000 C. 
for aging to obtain a slurry dispersion of hydrophobic 
treated colloidal silica; 

[0025] (B): step of heating the slurry dispersion of 
hydrophobic treated colloidal silica obtained in the step 
(A) at a temperature of 50 to 1000 C. With stirring for 
aging, thereby granulating the hydrophobic treated 
colloidal silica in a granular shape in the dispersion; 

[0026] (C): step of separating the hydrophobic treated 
colloidal silica granulated in a granular shape that is 
obtained in the step (B) from a liquid phase of the 
dispersion; and 

[0027] (D): step of drying a cake of the granular hydro 
phobic treated colloidal silica obtained in the step (C); 
and 

t e process or pro uc1ng a y rop 0 1c s11ca 0028 h f d ' h d h b' '1' 
powder, Wherein hexamethyl disilaZane is used as the 
disilaZane compound of formula (1). 

[0029] Aqueous silica sols having several particle diam 
eters are applicable to the process of the present invention. 
The use of an aqueous silica sol having a high dispersibility 
as a silica base material makes possible to provide a hydro 
phobic silica poWder having a re-dispersibility in 
several organic solvents even after hydrophobic treatment. 
In addition, the mixing of an aqueous silica sol With a 
hydrophilic organic solvent promotes contact betWeen a 
disilaZane compound and a hydrophilic colloidal silica. 
Further, the phase-separation betWeen a slurry, preferably 
granular hydrophobic treated colloidal silica and a liquid 
phase after the hydrophobic treatment makes possible to 
take out silica subjected to hydrophobic treatment through a 
simple process such as ?ltering or the like. Consequently, 
the process of the present invention makes possible to 
produce hydrophobic silica poWders by an easy hydrophobic 
treatment step by use of a simple apparatus. 

[0030] The hydrophobic silica poWder obtained by the 
present invention is useful for external agents for toner used 
for electrophotography, internal agents used for resins, hard 
coat agents, Water repellency-affording agents, ?ame retar 
dants and the like. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] The aqueous silica sol used in the present invention 
is an aqueous silica sol containing a hydrophilic colloidal 
silica having a speci?c surface area of 5.5 to 550 m2/g, 
preferably 5.5 to 300 m2/ g, and having a silica concentration 
of 5 to 55 mass %. An aqueous silica sol having a silica 
concentration of 10 to 55 mass % is preferable. The aqueous 
silica sol can be produced according to any knoWn process 
by using for example Water glass as a starting material. 

[0032] The particle diameter of the hydrophilic colloidal 
silica is calculated through the equation: D (nm)=2720/S 
Wherein S (m2/ g) is a speci?c surface area determined based 
on nitrogen adsorption method (BET method). Therefore, 
the particle diameter of the hydrophilic colloidal silica based 
on BET method is 5 nm or more, preferably 9 nm or more. 
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In case Where is used the aqueous silica sol containing a 
hydrophilic colloidal silica having a particle diameter based 
on BET method less than 5 nm, it is di?icult to increase the 
concentration of the aqueous silica sol, and further the 
surface treatment requires a larger amount of silylating agent 
per unit mass of the colloidal silica. 

[0033] It is preferable to use an aqueous silica sol con 
taining no free alkali metal ion. The use of an alkaline 
aqueous silica sol containing free alkali metal ion as a 
starting material may cause a lowering in the reactivity of 
the silylating agent With the silanol group on the surface of 
the hydrophilic colloidal silica, or a lowering in the reaction 
rate of the silylating agent, or affect adverse effect on the 
hydrophobicity of the hydrophobic silica poWder. The aque 
ous silica sol containing no free alkali metal ion can be 
obtained for example by removing free Na ion from an 
alkaline silica sol containing Na ion through cation 
exchange method or the like. On the other hand, an aqueous 
silica sol stabiliZed With NH3, amine or the like can be used 
as a starting material. 

[0034] The hydrophobicity-alfording agents used in the 
present invention are disilaZane compounds. Concretely, it is 
preferable that the agents are at least one selected from the 
group consisting of hexamethyldisilaZane, di-n-butyltetram 
ethyldisilaZane, divinyltetramethyldisilaZane, diphenyltet 
ramethyldisilaZane, and tetraphenyldimethyldisilaZane. 
HexamethyldisilaZane is particularly preferable. The disila 
Zane compound is added to a silica sol in mixed solvent 
obtained by mixing an aqueous silica sol With a hydrophilic 
organic solvent in an amount of 0.1 to 20 mmol, preferably 
0.5 to 10 mmol per surface area 100 m2 of the hydrophilic 
colloidal silica. Excess disilaZane compound is not con 
sumed for hydrophobic reaction, and is ine?icient also in 
economic vieW. On the other hand , shortage of the disila 
Zane compound causes a loWering in hydrophobicity. 

[0035] The form of the product obtained after the hydro 
phobic treatment according to the present invention is a 
slurry dispersion of the hydrophobic treated colloidal silica 
or a granular product of the hydrophobic treated colloidal 
silica that is required to be in a state being separated from the 
liquid phase. The “slurry” state means a state that ?ne 
particles formed by aggregation of colloidal silica are dis 
persed in a mixed solvent, and that they can be separated by 
?ltration by use of a commercially available ?lter paper. In 
addition, the “granular” state means a state that a hydropho 
bic treated colloidal silica is granulated in a siZe of 0.1 mm 
or more in a slurry dispersion. In order to obtain a slurry 
dispersion or a granular product of the hydrophobic treated 
colloidal silica, the mass ratio of the hydrophilic organic 
solvent and Water in the silica sol in mixed solvent is 
important. 

[0036] The silica sol in mixed solvent in the present 
invention requires the presence of a hydrophilic organic 
solvent in an amount suf?cient for promoting contact 
betWeen a disilaZane compound and a hydrophilic colloidal 
silica. The silica sol in mixed solvent is preferably prepared 
by mixing a hydrophilic organic solvent in a mass ratio of 
0.12 to 2.5 based on Water in the aqueous silica sol. If the 
mass ratio is less than 0.12, the solubility of the disilaZane 
compound in the mixed solvent is loW, the contact betWeen 
the disilaZane compound and the hydrophilic colloidal silica 
becomes insuf?cient, and a?inity betWeen the hydrophobic 
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treated colloidal silica and the mixed solvent is loWered. 
Thereby, the production thereof often becomes di?icult 
because the hydrophobic treated colloidal silica is separated 
out in clumps With progress of the hydrophobic reaction. On 
the other hand, if the mass ratio is more than 2.5, the 
hydrophobic treated colloidal silica remains a state dispersed 
in a sol, provides no slurry dispersion and it causes a case 
Where separation by ?ltration can not be carried out or a case 
Where it becomes unstable in the hydrophobic treatment and 
increases in viscosity and becomes a gel. In the latter case, 
the hydrophobic treated colloidal silica can not be substan 
tially produced. 

[0037] The hydrophilic organic solvent is preferably alco 
hols having a boiling point of 1000 C. or less such as 
methanol, ethanol, 1-propanol, isopropanol, tert-butanol or 
the like that has no compatibility limit With Water, and 
isopropanol is most preferable from the standpoint of mis 
cibility With both Water and disilaZane compounds, and 
easiness of removal of the dry step. In addition, the suitable 
mass ratio betWeen the hydrophilic organic solvent and 
Water in the silica sol in mixed solvent depends on the kind 
of the hydrophilic organic solvents. The better miscibility 
betWeen the hydrophilic organic solvent and Water, and 
betWeen the hydrophilic organic solvent and disilaZane 
compound is, the smaller the mass ratio of the hydrophilic 
organic solvent based on Water in the silica sol in mixed 
solvent is. 

[0038] The silica sol in mixed solvent has preferably a 
silica concentration of 5 to 50 mass %. If the silica concen 
tration in the silica sol in mixed solvent is less than 5 mass 
%, the production ef?ciency of the hydrophobic silica poW 
der becomes loW, and the required amount of the disilaZane 
compound per surface area of the hydrophilic colloidal silica 
becomes large because the ef?ciency of contact betWeen the 
hydrophilic colloidal silica and the disilaZane compound is 
loWered. Thus, the silica concentration less than 5 mass % 
is not preferable. In addition, if the silica concentration is 
more than 50 mass %, the viscosity of the silica sol in mixed 
solvent increases in the hydrophobic treatment, and thus it 
becomes dif?cult to stir and to carry out homogeneous 
hydrophobic treatment. 

[0039] The silica concentration in the silica sol in mixed 
solvent and the mass ratio betWeen the hydrophilic organic 
solvent and Water that are suitable for obtaining the slurry 
dispersion of the hydrophobic treated colloidal silica depend 
on particle diameter based on BET method of the hydro 
philic colloidal silica and the kind of the hydrophilic organic 
solvent. In addition, there is a folloWing tendency in the 
preparation of the silica sol in mixed solvent having a 
suitable composition: the smaller the particle diameter based 
on BET method of the hydrophilic colloidal silica is, the 
larger the mass of the hydrophilic organic solvent to be 
added based on the mass of the hydrophilic colloidal silica 
is. 

[0040] In the present invention, the temperature of the 
silica sol in mixed solvent on the addition of disilaZane 
compound is not speci?cally limited, but it is preferable to 
adjust the temperature of the silica sol in mixed solvent on 
the addition of disilaZane compound at a temperature of 50 
to 70° C. in order to promote the reaction betWeen the 
hydrophilic colloidal silica and disilaZane compound. When 
the temperature exceeds 70° C., a violent reaction occurs, 
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and foam formation often takes place by ammonia generated 
With the reaction of the disilaZane. In addition, it is prefer 
able to promote the hydrophobic reaction until the silica sol 
in mixed solvent becomes a slurry dispersion of the hydro 
phobic treated colloidal silica by heating the silica sol in 
mixed solvent in Which the disilaZane compound Was added 
at a temperature of 50 to 100° C. and aging for 0.5 hour or 
more. In case Where the aging time is less than 0.5 hour, the 
hydrophobic treatment often becomes insuf?cient. The sepa 
ration of the hydrophobic treated colloidal silica from the 
liquid phase becomes easy by making it the slurry state. 
Therefore, the hydrophobic treated colloidal silica can be 
taken out by easy process such ?ltration or the like. 

[0041] Further, the steps for hydrophobic treatment may 
be folloWed by a step in Which the obtained slurry dispersion 
of hydrophobic treated colloidal silica is heated at a tem 
perature of 50 to 100° C. With stirring for aging, thereby the 
hydrophobic treated colloidal silica is granulated in a granu 
lar shape of 0.1 mm or more in the dispersion. The ef?ciency 
of the separation process carried out after the hydrophobic 
treatment is remarkably improved by granulating in a granu 
lar shape through stirring procedure. The temperature of the 
liquid phase in the granulating process may be the same as 
that of the hydrophobic treatment process, but the granulat 
ing process can be improved by adjusting the temperature of 
the liquid phase at a temperature higher than that of the 
hydrophobic treatment process. The particle siZe and par 
ticle siZe distribution of the granule are not speci?cally 
limited, but it is preferable that the mean siZe is 5 mm or less. 
In case Where it is more than 5 mm, the resistance against 
stirring often becomes high during granulating process, and 
it often becomes dif?cult to take out from the reactor after 
the granulating process. 

[0042] After the hydrophobic treatment, separation step 
from the liquid phase is not speci?cally limited, but the 
slurry or the granular hydrophobic treated colloidal silica 
and the liquid phase can be separated by any knoWn meth 
ods. For example, the methods include separation through 
?ltration, centrifugation, distillation-out of the liquid phase 
or the like. 

[0043] The drying method of the cake of the slurry or the 
granular hydrophobic treated colloidal silica obtained in the 
separation process is not speci?cally limited, but the drying 
method includes knoWn drying methods such as methods by 
use of a hot-air drying, a microWave drying, an infrared ray 
drying, ultrasonic Wave drying, vacuum drying or the like. 
The temperature for drying is not speci?cally limited, but it 
is preferably 200° C. or less. When the temperature exceeds 
200° C., it is liable to cause the binding of the primary 
particles each other due to the condensation of silanol 
groups remaining on the surface of the hydrophobic treated 
colloidal silica. It is dif?cult to dissociate the binding by dry 
grinding and thus re-dispersibility of the hydrophobic silica 
poWder in organic solvents is deteriorated. In addition, the 
separation process and the drying process can be carried out 
as a series of processes by use of an apparatus such as a ?lter 
dryer. 
[0044] The hydrophobic silica poWder obtained as men 
tioned above disperses homogeneously in most organic 
solvents such as alcohol, ketone, ether, aromatic hydrocar 
bon, aliphatic hydrocarbon and the like. 
[0045] Further, it is able to reduce the time for drying by 
carrying out the grinding in the course of the drying process. 
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[0046] The dried hydrophobic treated silica can be ground 
With a mill for poWder or the like to obtain hydrophobic 
silica in a form of poWder. The method for grinding is not 
speci?cally limited, but dry grinding apparatuses such as a 
jet mill, a vibratory grinding mill, a ball mill, an attritor or 
the like can be used. 

EXAMPLES 

[0047] In each of Examples and Comparative Examples, 
hydrophobic treatment process and granulating process Were 
performed under the folloWing stirring condition. 

Example 1 

[0048] 
[0049] Pfaudler impeller (diameter 70 mm), 250 rotations 
per minute 

l-Liter glass reactor: internal diameter 85 mm 

[0050] Liquid temperature of granulating process: 74° C. 

Examples 2 and 4 

[0051] 2-Liter glass reactor: internal diameter 130 mm 

[0052] Pfaudler impeller (diameter 100 mm), 250 rota 
tions per minute 

[0053] Liquid temperature of granulating process: 75° C. 

Examples 3 and 5 

[0054] 2-Liter glass reactor: internal diameter 130 mm 

[0055] Pfaudler impeller (diameter 100 mm), 150 rota 
tions per minute 

[0056] Liquid temperature of granulating process: 76° C. 

Comparative Examples 1, 3 and 5 

[0057] 
[0058] Pfaudler impeller (diameter 70 mm), 200 rotations 
per minute 

l-Liter glass reactor: internal diameter 85 mm 

Comparative Examples 2 and 4 

[0059] 
[0060] Pfaudler impeller (diameter 70 mm), 500 rotations 
per minute 

l-Liter glass reactor: internal diameter 85 mm 

Example 1 

[0061] A commercially available acidic aqueous silica sol 
(trade name: SNOWTEX (registered trade mark)-O, manu 
factured by Nissan Chemical Industries, Ltd., silica concen 
tration: 20 mass %, pH 3.0, particle diameter based on BET 
method: 12 nm) Was concentrated on a rotary evaporator to 
a silica concentration of 33% to prepare a concentrated 
acidic aqueous silica sol. Then, in a lL-glass reactor 
equipped With a stirrer, a dropping funnel, a condenser and 
a thermometer, 450 g of the concentrated acidic aqueous 
silica sol, 75 g of pure Water, and 225 g of isopropanol (IPA) 
Were added to prepare a silica sol in mixed solvent having 
a silica concentration of 20.0 mass %, an IPA concentration 
of 30.0 mass % and a Water content of 50 mass %. The silica 
sol in mixed solvent Was heated to 65° C., and 75 g (1.4 
mmol per surface area 100 m2 of the hydrophilic colloidal 
silica) of hexamethyldisilaZane Was added dropWise therein. 
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The silica sol in mixed solvent Was mixed for 30 minutes, 
then heated at 70° C. and aged for 1 hour to obtain a slurry 
dispersion of hydrophobic treated colloidal silica. Then, the 
slurry dispersion of hydrophobic treated colloidal silica Was 
granulated in a granular shape by aging for 3 hours With 
stirring under a re?ux condition. A granular hydrophobic 
treated colloidal silica and a liquid phase Were separated by 
?ltration through Buchner funnel (qualitative ?lter paper 
No.131 manufactured by Advantec), and the cake of the 
obtained granular hydrophobic treated colloidal silica Was 
dried at 120° C. Then, the dried granular hydrophobic 
treated colloidal silica Was ground With a mill for poWder, 
and further dried at 150° C. to obtain 150 g of hydrophobic 
silica poWder. The obtained hydrophobic silica poWder Was 
re-dispersed in methyl ethyl ketone in a state of sol. Further, 
the hydrophobic silica poWder Was re-dispersed in each of 
other solvents of methanol, ethanol, isopropanol, methyl 
isobutyl ketone, ethyl acetate, toluene, methylmethacrylate 
monomer, polydimethylsiloxane, n-hexane or tetrahydroxy 
furan in a state of sol similarly to the case Where methyl 
ethyl ketone Was used. 

Example 2 

[0062] In a 2L-glass reactor equipped With a stirrer, a 
dropping funnel, a condenser and a thermometer, 1200 g of 
an acidic aqueous silica sol (silica concentration: 31.5 mass 
%, pH 2.5, particle diameter based on BET method: 80 nm), 
75 g of pure Water, and 350 g of isopropanol (IPA) Were 
added to prepare a silica sol in mixed solvent having a silica 
concentration of 23.3 mass %, an IPA concentration of 21.5 
mass % and a Water content of 55.2 mass %. The silica sol 
in mixed solvent Was heated to 65° C., and 80 g (3.9 mmol 
per surface area 100 m2 of the hydrophilic colloidal silica) 
of hexamethyidisilaZane Was added dropWise therein. The 
silica sol in mixed solvent Was mixed for 30 minutes, then 
heated at 70° C. and aged for 1 hour to obtain a slurry 
dispersion of hydrophobic treated colloidal silica. Then, the 
slurry dispersion of hydrophobic treated colloidal silica Was 
granulated in a granular shape by aging for 3 hours With 
stirring under a re?ux condition. A granular hydrophobic 
treated colloidal silica and a liquid phase Were separated by 
?ltration through Buchner funnel (qualitative ?lter paper 
No. 131 manufactured by Advantec), and cake of the 
obtained granular hydrophobic treated colloidal silica Was 
dried at 120° C. Then, the dried granular hydrophobic 
treated colloidal silica Was ground With a mill for poWder, 
and further dried at 200° C. to obtain 380 g of hydrophobic 
silica poWder. The obtained hydrophobic silica poWder Was 
re-dispersed in methyl ethyl ketone in a state of sol. 

Example 3 

[0063] In a 2L-glass reactor equipped With a stirrer, a 
dropping funnel, a condenser and a thermometer, 1430 g of 
an acidic aqueous silica sol (silica concentration: 35 mass %, 
pH 2.0) obtained by subjecting a commercially available 
alkaline aqueous silica sol (product name: MP-2040, manu 
factured by Nissan Chemical Industries, Ltd., silica concen 
tration: 40 mass %, pH 9.4, particle diameter based on BET 
method: 120 nm) to a cation-exchange treatment, 270 g of 
pure Water, and 300 g of isopropanol (IPA) Were added to 
prepare a silica sol in mixed solvent having a silica concen 
tration of 25.0 mass %, an IPA concentration of 15.0 mass 
% and a Water content of 60.0 mass %. The silica sol in 
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mixed solvent Was heated to 65° C., and 86 g (5.0 mmol per 
surface area 100 m2 of the hydrophilic colloidal silica) of 
hexamethyldisilaZane Was added dropWise therein. The 
silica sol in mixed solvent Was mixed for 15 minutes, then 
heated at 70° C. and aged for 30 minutes to obtain a slurry 
dispersion of hydrophobic treated colloidal silica. Then, the 
slurry dispersion of hydrophobic treated colloidal silica Was 
granulated in a granular shape by aging for 3 hours With 
stirring under a re?ux condition. A granular hydrophobic 
treated colloidal silica and a liquid phase Were separated by 
?ltration through Buchner funnel (qualitative ?lter paper 
No. 131 manufactured by Advantec), and cake of the 
obtained granular hydrophobic treated colloidal silica Was 
dried at 120° C. Then, the dried granular hydrophobic 
treated colloidal silica Was ground With a mill for poWder, 
and further dried at 200° C. to obtain 500 g of hydrophobic 
silica poWder. The obtained hydrophobic silica poWder Was 
re-dispersed in methyl ethyl ketone in a state of sol. 

Example 4 

[0064] The procedures similar to those in Example 2 Were 
performed except that the granular hydrophobic treated 
colloidal silica dried at 120° C. Was dried at 200° C. Without 
grinding With a mill for poWder. The obtained hydrophobic 
silica poWder Was re-dispersed in methyl ethyl ketone in a 
state of sol. 

Example 5 

[0065] The procedures similar to those in Example 3 Were 
performed except that the granular hydrophobic treated 
colloidal silica dried at 120° C. Was dried at 200° C. Without 
grinding With a mill for poWder. The obtained hydrophobic 
silica poWder Was re-dispersed in methyl ethyl ketone in a 
state of sol. 

Comparative Example 1 

[0066] In a 1L-glass reactor equipped With a stirrer, a 
dropping funnel, a condenser and a thermometer, 150 g of an 
acidic aqueous silica sol (silica concentration: 31.5 mass %, 
pH 2.5, particle diameter based on BET method: 80 nm), 270 
g of pure Water, and 30 g of isopropanol (IPA) Were added 
to prepare a silica sol in mixed solvent having a silica 
concentration of 10.5 mass %, an IPA concentration of 6.7 
mass % and a Water content of 82.8 mass %. The silica sol 
in mixed solvent Was heated to 65° C., and 10 g (3.9 mmol 
per surface area 100 m2 of the hydrophilic colloidal silica) 
of hexamethyldisilaZane Was added dropWise therein. The 
added hexamethyldisilaZane ?oated on the liquid surface 
Without immediate mixing With the silica sol in mixed 
solvent. The silica sol in mixed solvent Was mixed for 30 
minutes, then heated at 70° C. and aged for 1 hour. HoWever, 
no slurry dispersion of hydrophobic treated colloidal silica 
Was obtained. Further, even after aging for 3 hours With 
stirring under a re?ux condition, no slurry dispersion of 
hydrophobic treated colloidal silica Was obtained. The state 
after the hydrophobic treatment remained in a sol. As 
separation by ?ltration through Buchner funnel (qualitative 
?lter paper No. 131 manufactured by Advantec) could not be 
performed, the product in a state of sol Was transferred in a 
metal vat and dried at 120° C. Because in the obtained 
product in a state of sol, the liquid phase Was not separated, 
drying e?iciency Was remarkably deteriorated and thus it 
took a long time for drying. The dried hydrophobic treated 
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colloidal silica Was ground With a mill for powder, and dried 
at 200° C. to obtain 48 g of hydrophobic silica poWder. 
Although the obtained hydrophobic silica poWder Was partly 
re-dispersed in methyl ethyl ketone, a precipitate that Was 
not re-dispersed Was also obtained. 

Comparative Example 2 

[0067] A commercially available acidic aqueous silica sol 
(trade name: SNOWTEX (registered trade mark)-O, manu 
factured by Nissan Chemical Industries, Ltd., silica concen 
tration: 20 mass %, pH 3.0, particle diameter based on BET 
method: 12 nm) Was concentrated on a rotary evaporator to 
a silica concentration of 33% to prepare a concentrated 
acidic aqueous silica sol. Then, in a 1L-glass reactor 
equipped With a stirrer, a dropping funnel, a condenser and 
a thermometer, 200 g of the concentrated acidic aqueous 
silica sol, and 400 g of isopropanol (IPA) Were added to 
prepare a silica sol in mixed solvent having a silica concen 
tration of 11.0 mass %, an IPA concentration of 66.7 mass % 
and a Water content of 22.3 mass %. The silica sol in mixed 
solvent Was heated to 65° C., and 34 g (1.4 mmol per surface 
area 100 m2 of the hydrophilic colloidal silica) of hexam 
ethyldisilaZane Was added dropWise therein. The silica sol in 
mixed solvent Was mixed for 30 minutes, then heated at 70° 
C. and aged for 1 hour. HoWever, the aged mixture remained 
in a sol, and no slurry dispersion of hydrophobic treated 
colloidal silica Was obtained. Further, after aging for 3 hours 
With stirring under a re?ux condition, a product in a state of 
gel that Was increased in viscosity Was obtained and no 
slurry dispersion of hydrophobic treated colloidal silica 
could be obtained. The product Was a hydrophobic treated 
silica in a state of gel. As separation by ?ltration through 
Buchner funnel (qualitative ?lter paper No. 131 manufac 
tured by Advantec) could not be performed, the product in 
a state of gel Was transferred in a metal vat and placed in a 
dryer at 120° C. Because the product remained to contain the 
liquid phase, drying e?iciency Was remarkably deteriorated 
and thus it took a long time for drying. The dried hydro 
phobic treated silica Was ground With a mill for poWder, and 
further dried at 150° C. to obtain 69 g of hydrophobic silica 
poWder. Although the obtained hydrophobic silica poWder 
Was partly re-dispersed in methyl ethyl ketone, a precipitate 
that Was not re-dispersed Was also obtained. 

Comparative Example 3 

[0068] In a 1 L-glass reactor equipped With a stirrer, a 
dropping funnel, a condenser and a thermometer, 333 g of an 
acidic aqueous silica sol (silica concentration: 31.5 mass %, 
pH 2.5, particle diameter based on BET method: 80 nm), 87 
g of pure Water, and 30 g of isopropanol (IPA) Were added 
to prepare a silica sol in mixed solvent having a silica 
concentration of 23.3 mass %, an IPA concentration of 5.0 
mass % and a Water content of 71.7 mass %. The silica sol 
in mixed solvent Was heated to 65° C., and 10 g (3.9 mmol 
per surface area 100 m2 of the hydrophilic colloidal silica) 
of hexamethyldisilaZane Was added dropWise therein. The 
added hexamethyldisilaZane ?oated on the liquid surface 
Without immediate mixing With the silica sol in mixed 
solvent. The silica sol in mixed solvent Was mixed for 30 
minutes, then heated at 70° C. and aged for 1 hour to obtain 
a slurry dispersion of hydrophobic treated colloidal silica. 
Although the dispersion Was further aged for 3 hours With 
stirring under a re?ux condition, aggregated products of the 
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hydrophobic treated colloidal silica Were obtained in a large 
amount during aging, and resistance against stirring Was 
increased and stirring could not be performed. Therefore, the 
production Was stopped. 

Comparative Example 4 

[0069] A commercially available acidic aqueous silica sol 
(trade name: SNOWTEX (registered trade mark)-O, manu 
factured by Nissan Chemical Industries, Ltd., silica concen 
tration: 20 mass %, pH 3.0, particle diameter based on BET 
method: 12 nm) Was distilled by vacuum distillation using a 
rotary evaporator While adding isopropanol. This procedure 
Was continued until a silica sol dispersed in isopropanol 
having a silica concentration of 33 mass % and a Water 

content of 5.7 mass % Was obtained. Then, in a 1L-glass 

reactor equipped With a stirrer, a dropping funnel, a con 
denser and a thermometer, 364 g of the silica sol dispersed 
in isopropanol, 177 g of isopropanol (IPA), and 59 g of pure 
Water Were added to prepare a silica sol in mixed solvent 

having a silica concentration of 20.0 mass %, an IPA 
concentration of 66.7 mass % and a Water content of 13.3 

mass %. The silica sol in mixed solvent Was heated to 65° 

C., and 62 g (1.4 mmol per surface area 100 m2 of the 
hydrophilic colloidal silica) of hexamethyldisilaZane Was 
added dropWise therein. Heating and mixing Were continued 
and the resulting mixture Was remarkably increased in 
viscosity, and the content could not be stirred. Therefore, the 
production Was stopped. 

Comparative Example 5 

[0070] In a 1L-glass reactor equipped With a stirrer, a 
dropping funnel, a condenser and a thermometer, 100 g of a 
commercially available precipitated silica poWder (trade 
name: Zeosil (registered trade mark) 1165MP, manufactured 
by Rhodia, silica concentration: 90 mass %, speci?c surface 
area: 165 m2/ g, laser diffraction dispersion particle diameter: 
273 um), 135 g of isopropanol (IPA), and 215 g of pure 
Water Were added to prepare a slurry dispersion of precipi 
tated silica having a silica concentration of 20.0 mass %, an 
IPA concentration of 30.0 mass % and a Water content of 

50.0 mass %. The slurry dispersion of precipitated silica Was 
heated to 65° C., and 45 g (1.9 mmol per surface area 100 
m2 of the hydrophilic colloidal silica) of hexamethyldisila 
Zane Was added dropWise therein. The slurry dispersion Was 
mixed for 30 minutes, then heated at 70° C. and aged for 1 
hour. The aged dispersion Was further aged for 3 hours With 
stirring under a re?ux condition to obtain a slurry dispersion 
of hydrophobic treated precipitated silica. The hydrophobic 
treated precipitated silica in a state of slurry and a liquid 
phase Were separated by ?ltration through Buchner funnel 
(qualitative ?lter paper No. 131 manufactured by Advantec), 
and cake of the obtained hydrophobic treated precipitated 
silica Was dried at 120° C. Then, the dried hydrophobic 
treated precipitated silica Was ground With a mill for poWder, 
and further dried at 200° C. to obtain 98 g of hydrophobic 
silica poWder. The obtained hydrophobic silica poWder Was 
merely Wetted in methyl ethyl ketone, and Was not re 
dispersed therein in a state of sol. 
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Evaluation 

Analytical Method of Hydrophobic Silica Powder 

(1) Carbon Content in Hydrophobic Silica Powder 

[0071] The carbon content of the obtained hydrophobic 
silica powder was measured with CHNS/O analyZer (PE 
2400 series II, manufactured by Perkin Elmer Inc.). The 
number of trimethylsilyl groups per unit surface area of 
hydrophobic silica powder (unit: /nm2) was calculated 
according to the following equation ((1) 

A: trimethylsilyl group-content (mass %)=carbon con 
tent (mass %)><(73.19/36.03); 

B: number of trimethylsilyl groups per 1 g of hydro 
phobic silica powder=6.02><1023><(A/73.19)><10’ ; 

C: surface area (nm2) per 1 g of hydrophobic silica 
powder=speci?c surface area of hydrophobic silica 
powder (m2/g)><10l8><solid content (mass %)><10’2: 

The number of trimethylsilyl groups per unit surface area of 
hydrophobic silica powder (unit: /nm2)=B/C (or). 
In the meanwhile, the solid content means calcination resi 
due obtained by calcining the obtained hydrophobic silica 
powder at 8000 C. 

(2) Dispersion Particle Diameter of Hydrophobic Silica 
Powder 

[0072] The obtained hydrophobic silica powder was dis 
persed in methyl ethyl ketone and the dispersion particle 
diameter was measured based on a dynamic light scattering 
method (sub-micron particle analyZer model N4, manufac 
tured by Beckman Coulter, Inc.). 

(3) Hydrophobic Degree 
[0073] 0.20 g (0.20:0.01 g) ofa silica powder sample was 
weighed and added to 50 ml of pure water in 100 cc-glass 
beaker, and thus the silica powder was ?oated on the surface 
of the liquid. While the liquid was stirred by a magnetic 

Jan. 4, 2007 

stirrer, methanol was infused into the liquid by a burette with 
avoiding direct contact with the powder sample, and the 
point that no silica powder sample was observed on the 
surface of the liquid was regarded as an end-point. The 
hydrophobic degree was determined according to the fol 
lowing equation: Hydrophobic degree=X/(50+X)><100 
wherein X is an amount of methanol used up to the end 
point. 

(4) Evaluation of Dispersion Property in Organic Solvent 

[0074] 1 g of the obtained hydrophobic silica powder was 
added in 9 g of methyl ethyl ketone in 20 cc-glass vial, and 
mixed with a magnetic stirrer for 30 minutes, and then 
dispersed in a commercially available ultrasonic washing 
machine to prepare a dispersion. Then, the obtained disper 
sion was suitably diluted with methyl ethyl ketone, and the 
dispersion particle diameter was measured based on a 
dynamic light scattering method (sub-micron particle ana 
lyZer model N4, manufactured by Beckman Coulter, Inc.). 

[0075] As precipitated components were present in the 
dispersion in Comparative Examples 1 and 2, the measure 
ments were carried out by using the supematants suitably 
diluted. In addition, the sample of Comparative Example 5 
was not dispersed in a state of sol and could not be subjected 
to the dynamic light scattering method. Therefore, the dis 
persion particle diameter thereof was measured with laser 
diffraction particle siZe distribution measuring apparatus 
(trade name: SALD-7000 manufactured by ShimadZu Cor 
poration). The evaluation of dispersion property in organic 
solvent was performed by comparing the dispersion particle 
diameter of hydrophobic silica powder with the dispersion 
particle diameter of aqueous silica sol used as a starting 
material. 

[0076] The results of the above-mentioned evaluation are 
shown in Tables 1 and 2. 

TABLE 1 

Added amount 

of SiO2 
hexamethyl- concentration IPA Carbon 
disilazane in silica concentration content in 

(mmol/hydrophilic sol in mixed in silica sol in hydrophobic 
silica solvent mixed solvent IPNwater silica powder 

100 m2) (mass %) (mass %) mass ratio (mass %) 

Example 1 1.4 20.0 30.0 0.6 3.2 

Example 2 3.9 23.3 21.5 0.4 0.47 

Example 3 5.0 25.0 15.0 0.3 0.28 

Example 4 3.9 23.3 21.5 0.4 0.48 

Example 5 5.0 25.0 15.0 0.3 0.28 

Comparative 3.9 10.5 6.7 0.1 0.36 

Example 1 
Comparative 1.4 11.0 66.7 3.0 2.8 

Example 2 
Comparative 3.9 23.3 5.0 0.07 i 

Example 3 
Comparative 1.4 20.0 66.7 5.0 i 

Example 4 
Comparative 1.9 20.0 30.0 0.6 3.5 

Example 5 
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TABLE l-continued 
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Number of 
trimethylsilyl 
groups per unit 
surface area of Dispersion 
hydrophobic particle Hydrophobic 
silica poWder diameter degree 
(Number/nm2) (nm) (%) 

Example 1 2.4 67 55 
Example 2 2.3 152 54 
Example 3 2.2 212 53 
Example 4 2.4 160 54 
Example 5 2.2 213 53 
Comparative 1.8 196 47 
Example 1 
Comparative 2.1 170 53 
Example 2 
Comparative i i i 

Example 3 
Comparative i i i 

Example 4 
Comparative 3.6 73 pm 60 
Example 5 

[0077] 

TABLE 2 

Dispersion Dispersion Production of Formation of 
particle particle slurry granule of 

diameter of diameter of dispersion of hydrophobic Re-dispersion 
aqueous silica hydrophobic hydrophobic treated property in 
sol as starting silica poWder treated colloidal methyl ethyl 
material (nm) (nm) colloidal silica silica ketone 

Example 1 36 67 Q Q Q 
Example 2 125 152 Q Q Q 
Example 3 200 212 Q Q Q 
Example 4 125 160 Q Q Q 
Example 5 200 213 Q Q Q 
Comparative 125 196 X(sol) i A(With 
Example 1 precipitate) 
Comparative 36 170 X(gel) i A(With 
Example 2 precipitate) 
Comparative 125 i Q X(increased i 

Example 3 viscosity, 
gelation 

Comparative 3 6 i X(increased i i 

Example 4 viscosity, 
gelation 

Comparative 263 pm 73 pm Q i X(no 
Example 5 dispersion in 

sol)) 

[0078] As mentioned above, the production of the present 
invention makes possible to produce a hydrophobic silica 
poWder by using a simple apparatus and an easy hydropho 
bic treatment process. The hydrophobic silica poWder 
obtained by the present invention is useful for external 
agents for toner used for electrophotography, internal agents 
used for resins, hard coat agents, Water repellency-alfording 
agents, ?ame retardants and the like. 

What is claimed is: 
1. A process for producing a hydrophobic silica poWder 

comprising the steps for hydrophobic treatment of: 

adding to a silica sol in mixed solvent having a silica 
concentration of 5 to 50 mass % obtained by mixing an 

aqueous silica sol containing hydrophilic colloidal 
silica having a speci?c surface area of 5.5 to 550 m2/g 
With a hydrophilic organic solvent in a mass ratio of 
0.12 to 2.5 based on Water in the aqueous silica sol, 

a disilaZane compound of formula (1) 

(R13Si)2NH (1) 

Wherein each R1 is Cl_6alkyl group or phenyl group that 
is selected independently of one another, in an amount 
of 0.1 to 20 mmol per surface area 100 m2 of the 
hydrophilic colloidal silica, to obtain a mixture of the 
silica sol in mixed solvent and the disilaZane com 
pound; and 
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heating the mixture at a temperature of 50 to 100° C. for 
aging to obtain a slurry dispersion of hydrophobic 
treated colloidal silica. 

2. The process for producing a hydrophobic silica poWder 
according to claim 1, further comprising a step in Which the 
obtained slurry dispersion of hydrophobic treated colloidal 
silica is heated at a temperature of 50 to 100° C. With stirring 
for aging, thereby the hydrophobic treated colloidal silica is 
granulated in a granular shape in the dispersion. 

3. The process for producing a hydrophobic silica poWder 
according to claim 1, comprising the steps (A), (B), (C) and 
(D) of: 

(A): hydrophobic treatment step of adding to a silica sol 
in mixed solvent having a silica concentration of 5 to 50 
mass % obtained by mixing an aqueous silica sol 
containing hydrophilic colloidal silica having a speci?c 
surface area of 5.5 to 550 m2/g With a hydrophilic 
organic solvent in a mass ratio of 0.12 to 2.5 based on 
Water in the aqueous silica sol, 

a disilaZane compound of formula (1) 

(R13Si)2NH (1) 
Wherein each R1 is Cl_6alkyl group or phenyl group that 

is selected independently of one another, in an amount 
of 0.1 to 20 mmol per surface area 100 m2 of the 
hydrophilic colloidal silica, to obtain a mixture of the 
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silica sol in mixed solvent and the disilaZane, and 
heating the mixture at a temperature of 50 to 100° C. 
for aging to obtain a slurry dispersion of hydrophobic 
treated colloidal silica; 

(B): step of heating the slurry dispersion of hydrophobic 
treated colloidal silica obtained in the step (A) at a 
temperature of 50 to 100° C. With stirring for aging, 
thereby granulating the hydrophobic treated colloidal 
silica in a granular shape in the dispersion; 

(C): step of separating the hydrophobic treated colloidal 
silica granulated in a granular shape that is obtained in 
the step (B) from a liquid phase of the dispersion; and 

(D): step of drying a cake of the granular hydrophobic 
treated colloidal silica obtained in the step (C). 

4. The process for producing a hydrophobic silica poWder 
according to claim 1, Wherein hexamethyl disilaZane is used 
as the disilaZane compound of formula (1). 

5. The process for producing a hydrophobic silica poWder 
according to claim 2, Wherein hexamethyl disilaZane is used 
as the disilaZane compound of formula (1). 

6. The process for producing a hydrophobic silica poWder 
according to claim 3, Wherein hexamethyl disilaZane is used 
as the disilaZane compound of formula (1). 

* * * * * 


